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Investigations on Lignins and Lignification
Pt. XXXI. Characterization of Metasequoia "Milled-Wood" Lignin
by Michael J. Reale, Donald D. Clarke, Walter J. Schubert and F. F. Nord
Laboratory of Organic Chemistry and Enzymology*), Fordham University, Bronx, New York
Introduction
In I94I the Japanese botanist, Shigeru Miki,
conducted an investigation of certain native fossil materials of the Pliocene age. Although these specimens had
earlier been attributed to the genus Sequoia, Miki noticed
some discrepancies. Most striking was the finding that
some of the samples were of deciduous habit, whereas
the Sequoia are evergreen. Consequently, he established the genus Metasequoia (meta, "beyond"), implying a possible relationship of the plant species to the
genus Sequoia (I).
In the same year, a forest survey was conducted in
the mountainous interior of China. The existence of
a large, unknown coniferous tree in eastern Szechuan
Province was reported. However, no samples of the
tree were removed until I944· Examination of this
material then revealed that it was a distinct species, not
previously discovered in China. Further work identified it as a member of the recently proposed fossil
genus, Metasequoia. In I948 the plant was described
and named Metasequoia glyptostroboides because of a
similarity to the genus Glyptostrobus (2).
Thus the newly discovered plant species is considered to be a "missing link" in the phylogeny of the
modern Sequoia, the famed redwoods of California and
Oregon. Perhaps more important is the fact that this
is an extant, not extinct, plant, or a "living fossil" (3).
A fossil usually exhibits only fragmentary features,
while a living plant can be studied in all its aspects,
biological as well as chemical.
From the time of its discovery, Metasequoia has been
studied quite extensively in its various botanical
aspects (4) and has been taxonomically classified as a
gymnosperm. However, botanical taxonomy depends
on a comparison and evaluation of morphological
characteristics - the forms and structures of plants,
and t he organization and coordination of their parts
and organs, particularly those which are concerned
with sexual reproduction. This basis of classification
may be regarded as somewhat artificial.
Over 6o years ago, M au I e discovered that the woods
of angiosperms produce a red color when treated
successively with aqueous potassium permanganate,
hydrochloric acid and ammonium hydroxide, whereas
the woods of conifers exhibit a brown or orange color (5). This represented the first observations in
chemical taxonomy of woody plants.
Later, an attempt was made chemically to classify
plants on the basis of their metabolic products (6), such
as alkaloids and volatile oils. In this connection, E r d t'*) Communication No. 40r. Presented before the Division
of Cellulose, Wood and Fiber Chemistry, American Chemical Society,Autumn Meeting, Atlantic City, N.J., 1965. - The data
recorded were taken from a part of the dissertation of M. J.
Reale submitted to the Graduate Faculty of Fordham University in partial fulfillment of the requirements for the degree
of Doctor of Philosophy.

man has investigated the chemistry of certain heartwood constituents of conifers (7). He believed these to
be of particular taxonomic interest since such heartwood
components would presumably have undergone little
evolutionary change.
It is well known that on alkaline nitrobenzene oxidation, gymnosperms yield vanillin, while angiosperms
give rise to both vanillin and syringaldehyde. Because
this observation seemed to parallel the results of the
Maule test, Hibbert utilized both reactions in a study
of approximately 50 plant species, with a view to their
possible chemical taxonomic classification. The conifers, in general, were negative to the Maule test and
produced only vanillin; most species of Podocarpus
gave positive Maule reactions and yielded both vanillin and syringaldehyde, in a ratio of I : I. The dicotyledons, positive to the Maule test, generally revealed a syringaldehyde-to-vanillin ratio of 3 : I; however, the lignins of two "primitive" dicotyledons gave
values of about I : I (8). Monocotyledons yielded
p-hydroxybenzaldehyde in addition to vanillin and
syringaldehyde (9).
Gibbs continued such investigations in an effort
to determine whether p-hydroxybenzaldehyde is restricted to monocotyledons, whether all the supposedly
<'primitive" dicotyledons exhibited a low ratio of
syringaldehyde to vanillin, and whether any unusual ratios might be observed which could give an
insight into unanticipated taxonomic relationships (Io).
First, he found that p-hydroxybenzaldehyde formation
was not limited to monocotyledons, but that this compound was also obtained from several conifers. This
observation had previously been reported from this
laboratory (I I). Gibbs could find no generalizations
concerning the syringaldehyde : vanillin values for the
primitive dicotyledons; however.> from a study of the
aldehyde ratios obtained for the members of the family Aceraceae, he was able to provide evidence for a
previously proposed division of this family into three
genera, rather than the commonly accepted two.
Previous investigators in this laboratory have employed catalytic hydrogenation-hydrogenolysis procedures to degrade lignin to identifiable monomeric
products. Whereas the "milled-wood" lignins of the
coniferous woods, blue spruce and white Scots pine,
produced guaiacol, 4-methylguaiacol, 4-ethylguaiacol,
4-n-propylguaiacol and dihydroconiferyl alcohol in this
way (I2), the "milled-wood" lignins of the dicotyledons, oak and birch, gave these four compounds as
well as the corresponding syringyl analogs (I3). It
should be noted that the ratio of syringyl to guaiacyl
compounds was somewhat greater than 2 : I. Thus,
this reaction might also prove useful in a chemical
classification of woody plants.
Although Metasequoia represents a newly found
plant genus, the kraft paper pulping characteristic of
the wood is its only technological feature which has
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been investigated (I4). Hence, it was thought of interest chemically to study this plant species from other
viewpoints. Thus, we first sought to provide a chemical basis for the, taxonomic classification of Metasequoia glyptostroboides by relating its response in the
Maule reaction to the products of its alkaline nitrobenzene oxidation, and of its catalytic hydrogenationhydrogenolysis.
Secondly, previous investigations in this laboratory
had revealed that isolated lignins may differ not only
from one species to another, but also within the same
species (I5). To further study this phenomenon, we
isolated "milled-wood" lignin from Metasequoia sapwood. This lignin was characterized in the following
ways (I6): elementary and methoxyl group analyses,
acetate and phenylhydrazone derivatives, solubility,
color reactions, infrared and ultraviolet absorption
spectroscopy, catalytic hydrogenation-h ydrogenolysis
and alkaline nitrobenzene oxidation.
Experimental
A young Metasequoia tree was debarked; the smaller
branches were removed and the residue was cut into
small pieces. The heartwood was separated wherever
possible. Each of these separate parts was then individually ground to 8o mesh and air-dried.
The moisture contents of these samples were determined by drying at I I 5° C; their lignin contents were
determined by the T APPI Standard T I 3 m method (I7).
Milled-wood lignin was isolated from the Metasequoia sapwood according to the procedure of Bjorkman (I8); its solubility in various solvents and its
color reactions were studied. An acetylated derivative
and a phenylhydrazone of this lignin were prepared
according to well known procedures (19).
The Metasequoia Bjorkman lignin and its derivatives
were characterized spectroscopically. The ultraviolet
absorption spectra were determined in dioxane solutions with a Cary model 15 double-beam recording
spectrophotometer. The infrared absorption spectra
were measured as KBr pellets with a Perkin Elmer
model 2I double-beam recording spectrophotometer.
Alkaline nitrobenzene oxidation (r9b) was performed
on the lignin on a micro scale (20). The oxidation mixture
was subjected to preliminary washings with methylene
chloride before and after acidification, and then separated
by a recently developed procedure involving thinlayer chromatography on silica gel (2I). Multiple
unidimensional development (22) was employed, with
methylene chloride-acetone (99 : I by volume) as solvent. After visualization under ultraviolet light (366o A),
aldehyde-containing zones were scraped from the plate,
and the resulting powders extracted with ethanol. For
quantitative estimation, the ethanol extracts were
rendered basic with 4 ml of 0.2 % KOH in ethanol
and diluted to 50.0 ml; the optical densities were measured with a Zeiss PMQ-II spectrophotometer and
compared with standard curves relating optical density and concentration.
A dispersion of Metasequoia sapwood sawdust in
so% aqueous dioxane was subjected to hydrogenationhydrogenolysis over Raney nickel at an initial hydrogen
pressure of 500 p. s. i. g. and a temperature of 202° C
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for five hours. The chloroform-soluble products were
analyzed with a standard Aerograph model IIO-C
gas chromatograph. A 130-disk integrator, mounted
on a one mv. one second pen speed Brown recorder,
was used for quantitative measurements.
Optimum separation of the mixture was achieved by
employing a I /8" x 5' column packed with 5 ~/o 6-ring
poly-m-phenyl ether on Chromosorb-W, precoated
with 5% silver nitrate, with an oven temperature of
200° C and a helium flow rate of 30 mlfmin.
Identification of the components of the choroformsoluble fraction was established by comparing their
retention times with those of authentic samples. The
effluents of the major components were collected as
they emerged from the chromatograph. Further proof
of their identities was obtained by comparing their
infrared absorption spectra with those of authentic
samples determined in the same manner, viz., collection from the gas chromatograph. (This was necessary
because the stationary phase was somewhat volatile,
and hence, the infrared spectra could contain peaks
attributable to it.)
Results and Discussion
The moisture contents of the various parts of the
Metasequoia tree are recorded in Table I. In Table 2
are listed the lignin contents of the same samples;
the data obtained by Koshyima et al. (14) are presented for comparison. Although the values are higher
than those usually observed for certain other species,
they do fall within the range of values found for softwoods (23).
Table I
Moisture Contents of Metasequoia Wood Samples

.

Initial Weight
of Sample
(gms)

Loss
of Weight
(gms)

Moisture
Content
(%)

.

1.0315
0.9917

0.0930
0.0886

9.02
8.94

Sapwood

. . .

0.9994
1.0016

0.0827
0.0820

8.27
8.19

Heartwood

.

0.9981
1.0044

0.0837
0.0836

8.39
8.32

Sample
Twigs

. . .

Table 2
Lignin Contents of Metasequoia Wood Samples
Sample
Twigs

. .. . .

Sapwood

.

..

.

Weight of
Wood Sample
(gms)

Weight of
Lignin
(gms)

Lignin
Content

0.9103
0.9108

0.3078
0.3071

0.9223
0.9098

0.2924
0.2850

33.81
33·72
31 .70
3!.31
32.8a)

0.9186
0.9196

0.2954
0.2976

-

H eartwood

w ood .

. . .

. .

-

-

( %)

32.15
32·37
29.8a)
32·3b)

a) Value for a 40 year-old tree (14)
b) Value for a five year-old tree (ibid.)

When pre-extracted Metasequoia sapwood powder
was subjected to the Maule reaction, only an indefinite
brown color was obtained, with no trace of red. That
this is indicative of a coniferous wood is well established (5, 8, ro, 24, 25).
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Metasequoia Bjorkman lignin was isolated from the
sapwood in 30% yield, based on the Klason lignin
content. It was found to be soluble in 2 N sodium
hydroxide, aqueous dioxane, aqueous acetic acid and
pyridine; it was insoluble in 6 N hydrochloric acid,
water, benzene, petroleum ether and ethanol.
Table 3
Results of Color Reactions of M etasequoia
Bjorkman Lignin
Reagent

Color Produced

Phloroglucinol-H Cl
Phenol
Phenol reagent
Resorcinol
a -Naphthylamine
2,6-Diaminopyridine

Violet
Green
Blue
Grey-green
Yellow-orange
Red-brown

The color reactions of Metasequoia Bjorkman lignin are
indicated in Table 3· It is generally accepted that these colors are produced by the reaction of phenols or amines
with aldehyde groups present in the lignin (I7a). Adler
proposed that coniferyl aldehyde moieties are part of
the lignin molecule, and produce the colors (26).
However, Brauns (27) suggested that, although the
color reactions may be due to this group, coniferyl
aldehyde, itself, need not form part of the lignin molecule. An cx-hydroxydihydroconiferyl aldehyde structure could become dehydrated under the influence of
the mineral acid used in the reactions, thereby producing coniferyl aldehyde (28). We also have some evidence
for this possibility in conjunction with the formation
of a phenylhydrazone derivative of the Metasequoia
Bjorkman lignin (see below). This lignin gave a positive Fehling's test.
500

METASEQUOIA B~ORKIIAII
'
•

LIGNIN
" AC£TATE
• PHENVLHYORAZONE

300

200

100

0

The infrared absorption spectrum of the lignin is depicted in Fig. 2 (32, 33). It shows the following characteristic
peaks (34) : the absorption at 2.90 # is due to hydroxyl
groups, which may be classified as aliphatic primary and
secondary hydroxyl and phenolic hydroxyl groups,
becauseoftheC-0 stretchingbandat 8.I9 fl (phenolic),
the C-0 deformations at 9.23 f.l (secondary hydroxyl),
and at 9.69 # (primary hydroxyl). The carbonyl absorption at 5. 79 ft, together with the shoulder in the
C-H stretching region at 3.48 # suggest a non-conjugated aldehyde. The C-H stretching absorption at
3.28 f.l and the C = C skeletal vibrations at 6.24 and
6.66 # show the presence of aromatic rings. That
aromatic ether groups are present is indicated by the
C-0 stretching band at 7.88 # · This spectrum is
similar to those of pine and hemlock ''milled wood" lignins (34).
4000 3000

Fig.
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Infrared absorption spectrum of Metasequoia Bjorkman
lignin.

The results of elemental and group analyses of
Metasequoia Bjorkman lignin, its acetate and phenylhydrazone derivatives are recorded in Table 4· As may
be seen in the table, the empirical formula calculated
for the lignin itself is C102 H 110 0 39, indicating a minimum
molecular weight of 1920 for the lignin "building unit".
Although this is more than double the values reported
for different lignins (19, 19a), this might be anticipated,
since "native lignin" is the fraction most easily extracted from any wood sample, and hence would be
expected to have the lowest molecular weight. Bjorkman determined the molecular weight of "ordinary"
milled-wood lignin from spruce by means of the ultracentrifuge, and obtained a value of I I,ooo (35, 36);
therefore it would appear that the Metasequoia lignin
contains six building units per "molecule" based upon
B j or k man's molecular weight value. The value found
for the methoxyl content of the M etasequoia lignin

.

T able 4
Elementary and Group Analyses of Metasequoia
Bjorkman Lignin and It s Derivative s

Fig. r Ultraviolet absorption spectra of M etasequoia Bjorkman
lignin and its derivatives.
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The ultraviolet absorption spectra of Metasequoia
Bjorkman lignin, its acetate and phenylhydrazone derivatives are shown in Fig. I, and are typical for lignin
preparations ( 17 b, 28). The intense E bands in the
region of 230 m11- and the less intense B bands in the
region of 280 m11- indicate the presence of phenolic
moieties (29); conjugated chromophores are probably
absent (30). The position of the absorption maximum
at 28I m# for the lignin itself suggests that it is of a
coniferous type (31).
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Lignin
[C lOs Hu oOu ]

c
H
o a)
N
OCH3
COCH3

Acetate of Lignin
[CnaHuaO u ]

Calculated

Found

Calcu··
Iated

Found

%

%

%

%

62.50
5·67
3!.84

62.74
5·65
3!.61

6!.32 61.61
5.68
5·47
32.71
33·19

15.82

15.82

12.06
21-40

-

-

n) by difference

-

-

-

!2.37
22.32

-

Phenylhy drazone
of Lignin
[CluHuaN•O u l
Calcu- Found
lated

%

%

65 .07
5.66
26.62
2.66
14·49

65.63
5·73
26.32
2.32
14·57

-

-
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is in accord with those values usually obtained for
gymnosperm lignins ( I7 a), and corresponds to ten
such groups per building unit, or 6o per "molecule".
The data obtained for the acetylated derivative indicate that there are 13 acetylatable hydroxyl groups
for each methoxyl groups. The infrared absorption
spectrum of this product is shown in Fig. 3, and
reveals bands at 5·75 and 8.I5 fl, which are characteristic of acetates (29 a). The large hydroxyl absorption
at 2.85 # indicates that unacetylated hydroxyl groups
remained in this material.
4000 3000

2000

1500

cm - 1 1000 9 00

8 00

700

0 .00

w . 10
0

~ . 20

en

a: .30
0

(/') . 40
ID . 50
<t . 60
. 70
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8
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II
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13

12

14

15

Fig. 3. Infrared absorption spectrum of the acetate of
M etasequoia Bjorkman lignin.

The analytical data for the phenylhydrazone derivative of Metasequoia Bjorkman lignin, also reported
in Table 4, indicate that there are two carbonyl groups
per ten methoxyls. To correlate the analytical data
with the calculated values, it is necessary to assume the
loss of two molecules of water, in assigning an empirical formula to the phenylhydrazone. These water
molecules might originate from dehydration of alcoholic hydroxyl groups beta to each of the two carbonyl
groups, under the influence of the pyridine used as
~olvent. Such a dehydration was mentioned above in
relation to the colors produced when lignin is treated
with amines and phenols in the presence of dehydrating acids. The infrared spectrum of this derivative,
shown in Fig. 4, reveals the absence of carbonyl absorption.
4000 3000

2000

1500

em-'

1000

900

800

700
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benzaldehyde. When the chromatogram was sprayed
with a solution of 2,4-dinitrophenylhydrazine, a light
yellow color appeared in the zone assigned to it. In a
further effort to determine whether p-hydroxybenzaldehyde was indeed present, another chromatogram
was developed; the aldehyde-containing zones were
scraped from the plate, and the ultraviolet absorption spectra measured from 300 to 400 IDJL in the
presence of added base. The spectrum of the p-hydroxybenzaldehyde zone gave no absorption in addition
to that of the blank.
Earlier, the alkaline nitrobenzene oxidation products
of, among others, five species of Taxodiaceae, the
family of which Metasequoia is a member, was investigated. It was observed that each of the species
produced p-hydroxybenzaldehyde to the extent of
2.0-3.5 ° 0 (37). Since this assay method consisted of
a visual comparison of the intensities of color produced
when the chromatogram was sprayed with 2,4-dinitrophenylhydrazine with the intensities produced by
a series of standard solutions of known concentration,
Leopold may possibly have been observing the same
material referred to above.
Gas chromatographic analysis of the chloroformsoluble catalytic hydrogenation products of the Metasequoia sapwood showed that guaiacol, 4-methylguaiacol, 4-ethylguaiacol, 4-n-propylguaiacol and dihydroconiferyl alcohol were the only detectable products, as may be seen from the data in Table 5. Since
T able 5
Chloroform-Soluble Hydrogenati o n Pr od ucts of
Metasequoia S a pw ood
Compound

Guaiacol .
.
4-Methylguaiacol .
4-Ethylguaiacol .
4-n-Propylguaiacol.
I>ihydroconiferyl .
Alcohol
Totals . . . . . . .

Relative
Percent
Percent
Ret enof
Soluble
of
K.lason
tion
Fraction
Lignin
Timea)

1.0
1.5
1.9
2.5
15·3

10.7
3·3
5·4
s .8
46·9

3-4
I.O

!.7
1.8
14·9

Molar
Ratio b)

3·6
r.o
!.5
1.5
10.8

72.1 1 22.8
a) Guaiacol assigned a value of unity
b) 4-Methylguaiacol assigned a value of unity
I
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Fig. 4· Infrared absorption spectrum of the phenylhydrazone
of M etasequoia Bjorkman lignin.

The average yield of vanillin formed on alkaline
nitrobenzene oxidation of Metasequoia Bjorkman lignin
was 22.0 = I .2 °0 • Although our procedure would have
detected as little as I ~ 0 of either p-hydroxybenzaldehyde or syringaldehyde in samples of the size we
employed, neither compound was observed, although
some shadowing appeared in the region of p-hydroxy-

hydrogenolysis of alpha and beta C-0 bonds present
on a phenylpropane side-chain is a facile reaction, the
formation of dihydroconiferyl alcohol is readily interpretable (I 3), if lignin contains linkages of the guaiacylglycerol-,8-aryl ether type, as has already been proposed (38, 39). The other degradation products may
arise by a cleavage of the side chain (40, 4I ). The
isolation of guaiacyl compounds is anticipated in the
case of a coniferous wood (I2). However, dicotyledons
yield the five guaiacyl products mentioned above, in
addition to the corresponding syringyl analogs (I3, 40);
there is evidence that monocotyledons yield all of the
above-mentioned products and the corresponding
p-hydroxyphenyl analogs as well (42).
Conclusion
Since the time of its discovery, Metasequoia has been
classified as a monotypic genus of the family Taxodiaceae, belonging to the class Gymnospermae. The
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lignins of gymnosperms are believed to be derived
almost entirely of guaiacylpropane units, and they are
chemically characterized by the following properties.
They give no response to the Maule test (since this
reaction depends on the presence of syringyl units in
the lignin), and in general, they yield only vanillin upon
alkaline nitrobenzene oxidation. Catalytichydrogenationhydrogenolysis of these lignins produces only guaiacol,
4-methylguaiacol, 4-ethylguaiacol, 4-n-propylguaiacol
and dihydroconiferylalcohol. The lignins from conifers
have methoxyl contents in the range 15-16%, whereas
those of dicotyledons are in the range 20.5-21.5 o/o·
The ultraviolet absorption spectra of the softwood
lignins show a maximum absorption in the region
281-285 m,u; hardwood lignins absorb in the region
274-276 m,u.
When Metasequoia sapwood was subjected to the
Maule reaction, an indefinite brown color was observed.
Vanillin was the only aldehyde detected after its alkaline
nitrobenzene oxidation. Hydrogenation-h ydrogenolysis
of the pulverized sapwood of this tree yielded the abovementioned guaiacyl compounds; the corresponding
p-hydroxyphenyl or syringyl analogs were not detectable. The "milled-wood" lignin from Metasequoia has a methoxyl content of 15. 82 % and its ultraviolet spectrum revealed an absorption maximum at
28 I m,u. Thus all the chemical evidence supports the
previous biological classification of Metasequoia glyptostroboides as a member of the class Gymnospermae.
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Summary
A young Metasequoia tree was debarked; its branches
and heartwood were removed. The branches, sapwood
and heartwood were separately ground to 8o mesh and
air-dried. The moisture and lignin contents of these
were determined.
"Milled-wood" lignin was isolated from the sapwood sawdust, and was characterized by means of its
ultraviolet and infrared absorption spectra. As a means
of determining the empirical formula and the number
of certain functional groups present in this lignin,
an acetylated derivative and a phenylhydrazone were
prepared. These were also studied spectroscopically.
Elemental, methoxyl and acetoxyl analyses were performed on the original lignin and on its derivatives.
The solubility of Metasequoia Bjorkman lignin in
various solvents and its color reactions were also deterruined.
Alkaline nitrobenzene oxidation was applied to the
lignin, and the average yield of vanillin present in the
oxidation mixture was 22.0 ± 1.2 %. Neither p-hydroxybenzaldehyde nor syringaldehyde was detected.
Hydrogenation-hydrogenolysis of Metasequoia sawdust was also conducted. The products were separated
by gas-liquid chromatography, and the following compounds were identified by their retention times and/or
infrared absorption spectra: guaiacol, 4-methylguaiacol,
4-ethylguaiacol, 4-n-propylguaiacol and dihydroconi5*
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feryl alcohol. Thus all the chemical evidence supports
the previous biological classification of Metasequoia
glyptostroboides as a member of the class Gymnospermae.
Untersuchungen tiber Lignine und
Lignifizierung
Teil XXXI. Charakterisierung von Metasequoia
,milled wood" Lignin
Zusammenfassung
Ein junger Metasequoia- Baum wurde e~trindet; die
Aste und das Kernholz wurden entfernt. Aste, Splintholz und Kernholz wurden getrennt aufgemahlen (8o iger
Sieb) und luftgetrocknet. Der Feuchtigkeits- und
Ligningehalt wurden hiervon bestimmt.
,Milled wood" Lignin wurde aus Splintholz-Sagespanen isoliert und an Hand seiner UV und InfrarotAbsorptionsspektren charakterisiert. U m die empirische
For mel und die Anzahl gewisser in dies em Lignin vorhandener Funktionsgruppen bestimmen zu konnen,
wurden ein Acetyl-Derivat und ein Phenylhydrazon
prapariert. Diese wurden auch spektroskopisch untersucht. Elementar-, Methoxyl- und Acetoxyl-Analysen
wurden am urspriinglichen Lignin und seinen Derivaten ausgefuhrt. Au£erdem wurden die Loslichkeit von
Metasequoia Bjorkman Lignin in verschiedenen Losungsmitteln sowie seine Farbreaktionen bestimmt.
Bei alkalischer Nitrobenzoloxydation betrug die
Durchschnittsausbeute an Vanillin aus der Oxydationsmischung 22.0 ± I .2 %. Weder p- Hydroxybenzaldehyd noch Syringaldehyd wurden gefunden.
Auch die Hydrierungs-Hydrogenolyse von Metasequoia Sagespanen wurde ausgefuhrt. Die Produkte wurden mit Hilfe der Gas-Fliissigkeit Chromatographie getrennt und die folgenden Verbindungen durch ihre
Retentionszeit undjoder ihre Infrarot-Absorptionsspektren bestimmt: Guajakol, 4-Methylguajakol, 4Athylguajakol, 4-n-Propylguajakol und Dihydroxyconiferylalkohol.
Aile chemischen Nachweise rechtfertigen demnach
die fri.ihere Einordnung von Metasequoia glyptostroboides in die Klasse der Gymnospermen.
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